Background: Some previous studies have postulated an association between migraine and excessive daytime sleepiness (EDS). This study evaluated the association of EDS with migraine and headache frequency in a general population, after adjusting for potential confounding variables. Methods: The study was a postal survey of a random age and gender-stratified sample of 40,000 persons aged 20 to 80 years old drawn by the National Population Register in Norway. The questionnaire included questions about migraine, headache, the Epworth sleepiness scale (ESS) and various comorbidities. EDS was defined as ESS > 10. The association of EDS and migraine/headache were analysed by bivariate and multivariable logistic regression analyses. Results: A total of 21,177 persons responded to the ESS and were included in the analyses. The odds ratio (OR) for EDS was increased for migraineurs (1.42 (95% CI 1.31─1.54), p < 0.001) compared to non-migraineurs; however, this finding was not significant after adjustment for a number of possible confounders. EDS increased with increasing headache frequency, with an OR of 2.74 (95% CI 2.05─3.65), p < 0.001) for those with headache on >179 days per year compared to those without headache in multivariable analysis. Conclusions: In a general population, the odds for EDS increased significantly with the headache frequency, irrespective of migraine status. EDS was not associated with reported migraine in multivariable analysis.
Background
Headache is the most common type of pain experienced by man, but receives little attention, possibly due to the often mild symptoms, and because most people rarely consult their physician due to headache [1] . Almost everyone experience tension-type headache once in a while, and migraine affects 10-20% of the general population [2, 3] . About 3% of the world population have chronic headache, i.e. mainly chronic tension-type headache or chronic migraine [4, 5] .
Persons with headache and/or migraine often complain of sleepiness, a symptom with high clinical and public health importance due to increased risk for accidents, decreased productivity and impaired quality of life [6] [7] [8] [9] . Excessive daytime sleepiness (EDS) is experienced by 8─30% of the general population [10] [11] [12] [13] . Despite the considerable burden of EDS, it is still under-reported, under-diagnosed and under-treated among those with chronic pain as well as in the general population [14] [15] [16] .
Some clinic-based [17] [18] [19] [20] or population-based [21] studies have proposed an association between migraine and EDS. Recently a large population-based study reported an association between migraine and EDS in bivariate analysis, but this association was weakened in multivariable analysis and became non-significant when adjusting for anxiety, depression, sleep duration and a score for sleep quality [22] . Moreover, whether EDS is associated with headache frequency in migraineurs varies between studies [21, 22] .
The present study aimed to investigate the association of EDS with migraine and headache frequency in an age and gender-stratified general population sample, after adjusting for possible confounders.
Methods

Study design and sample
An age and gender-stratified random sample of 40,000 persons aged 20─80 years old were drawn by the National Population Register of Statistics Norway. Each of the ages 30, 35, 40, 45 , 50, 55 and 60 years included 2,000 persons of each gender, while the remaining ages included 1,000 persons of each gender. The participants were residing in Akershus, Hedmark or Oppland County. The sample size was reduced to 38,871 because of error in the address list (n = 1,024), multi-handicap (n = 4), dementia (n = 23), insufficient Norwegian language skills (n = 3) and deceased (n = 75). The three counties have both rural and urban areas, and Akershus County is situated in close proximity to Oslo. Details of the study have previously been presented [23] .
Postal survey
All participants received a mailed questionnaire with a standard letter containing information about the project. Apart from ensuring confidentiality and emphasising the importance of participation, it was stated that the objective was to study sleepiness during daytime. If the questionnaire evoked no response, a second mail was issued. The replies could either be on paper or web-based. The data were collected between February and August 2006. All questionnaires were scanned using TeleForm version 9 (Cardiff Software Ltd, Cambridge, UK).
Migraine and headache
The questions: "How many days during the last year have you had headache? (0 days, 1─11 days, 12─30 days, 31─84 days, 85─179 days or ≥180 days)", and "Have you ever had migraine? (yes or no)" were used to screen for headache frequency and migraine. We applied the International Classification of Headache Disorders (ICHD-II) definitions slightly modified, i.e. no headache is 0 headache days within the last year, infrequent headache is 1-11 headache days within the last year, frequent headache is 12─179 headache days within the last year, while chronic headache is 180 days or more within the last year [24] . The term non-migraineurs describes those without migraine, independent of whether they reported headache or not.
Daytime sleepiness and average sleep time
Daytime sleepiness was assessed by the Epworth Sleepiness Scale (ESS). The ESS is a standardized questionnaire which describes eight daily situations in which the respondents estimate their likelihood of dozing off on a scale of 0 to 3, i.e. 0 = no chance of dozing, 1 = slight chance of dozing, 2 = moderate chance of dozing and 3 = high chance of dozing [25] . The ESS score thereby ranges from 0 to 24, and the results were dichotomized into scores ≤10 and >10, the latter is considered to represent clinically significant EDS [26] . A question of average sleep time duration during the night was answered in hours and minutes and was categorized into three classes: short (<6 h), normal (6─8 h) and long (>8 h) sleep duration. In Norway, the ESS has exhibited properties in line with other language versions of the questionnaire [27] .
Smoking status and body mass index
Smoking status was assessed with the item "How many cigarettes do you usually smoke per day?", coded as none, 1─10, 11─20, >20 for the analyses. Body mass index (BMI) in kg/m 2 was calculated from self-reported weight and height.
Comorbidity
To screen for depression, we asked the question: "Have you felt depressed or experienced diminished interest or pleasure in activities you usually enjoy?" This is a combination of two questions, where a "yes" answer to either of the two questions was considered a positive test [28] . The replies were dichotomized, i.e. never or rarely, 1─2 times a month, 1─2 times a week or 3─4 times a week were classified as no depression, while almost daily was classified as depression.
The participants also responded to items about other comorbidities: previous myocardial infarction (yes or no), stroke (yes or no), current/previous angina pectoris (yes or no), asthma (yes or no), allergy (yes or no), hypertension (yes, no or unknown), or diabetes (yes or no). Finally, they responded to an item about ever having had treatment for a sleep disorder (yes or no).
Statistical analyses
Descriptive statistics are presented using the mean (SD) or number (%). Groups were compared using the chisquare test.
Prevalence estimates are presented with cross-tables. To assess possible effect modification, the homogeneity of odds ratios (OR) for EDS in migraine vs. nonmigraine was tested in stratified analyses using the chisquare test.
The association of EDS with migraine and headache frequency was analysed by bivariate and multivariable logistic regression analyses with EDS (ESS > 10 = 1, ESS ≤ 10 = 0) as the dependent variable. The six independent variables migraine, headache frequency, age, gender, BMI, and depression were included in the model. The modelling was conducted in several steps: (1) Bivariate models, (2) Multivariable models with the six variables mentioned above, (3) Multivariable models as (2) with the addition of the variables of allergy, angina pectoris, asthma, diabetes, hypertension, myocardial infarction and stroke, and (4) Multivariable models as (3) with the addition of the variables cigarette smoking, nightly sleep duration, and treatment for sleep disorder. Missing values were not imputed, and deletion of cases in the models was listwise.
Tests for multiplicative interactions were conducted between migraine*gender, headache frequency*gender, and migraine*headache frequency. Finally, model (3) was replicated in subsets of the respondents: non-migraineurs, migraineurs, men, and women.
All statistical analyses were performed using Stata version 14.1 (StataCorp, College Station, TX). We chose a 5% significance level, using two-sided tests.
Ethical issues
The project was approved by The Regional Committees for Medical Research Ethics and the Norwegian Social Science Data Services.
Results
The overall response rate was 54.5% (21,177/38,871). The respondents had a mean (SD) age of 50.5 (15.6) years and comprised 52.5% women (Table 1) . Complete information on headache and migraine was reported by 89.4% of women and by 88.0% of men. Regarding replies to the ESS, 4.7% of women and 3.3% of men had missing values in one question, 0.7% of women and 0.6% of men had missing values in two questions, while 1.2% of women and 0.7% of men had missing values in three or more questions.
The 1-year prevalence of headache was 77.2%; 84.0% (8,872/10,558) in women and 69.6% (6,590/9,463) in men. The lifetime prevalence of migraine was 26.5%; 34.1% (3,562/10,441) in women and 18.1% (1,696/9,392) in men (p < 0.001). In the total population the mean (SD) ESS score was 6.7 (4.0); among migraineurs 7.1 (4.2) (n = 5,258) and non-migraineurs 6.5 (3.9) (n = 14,575). The ESS scores according to migraine status ( Fig. 1 ) and headache frequency ( Fig. 2) showed skewed distributions in most subgroups.
Among migraineurs, non-migraineurs, and those with a missing response to the migraine item, the prevalence of EDS increased with headache frequency in all three groups ( Table 2 ). The overall prevalence of EDS among the respondents (n = 21,177) was 17%, and it was 20% among migraineurs, 15% among nonmigraineurs, and 19% among those with missing value on the migraine item.
There was no indication of heterogeneity of the ORs for EDS in migraine vs. non-migraine, or women vs. men in strata according to headache frequency (Table 3) .
In bivariate logistic regression analysis, the odds ratio (OR) for having EDS was higher among migraineurs than non-migraineurs, and the OR for EDS increased with increasing headache frequency ( Table 4) . In multivariable logistic regression analysis, the relationship between migraine and EDS was weaker than in bivariate analysis, while the pattern of increasing OR for EDS with increasing headache frequency persisted in models after adjusting for age, BMI, depression, and gender (Table 4) . Adjusting for additional potential comorbidities in two steps did not change this pattern (Table 4) . Interaction terms between migraine*gender, headache frequency*gender, and migraine*headache were statistically not significant and were left out in the models.
In multivariable analysis in strata of the respondents, the pattern of ORs was consistent across migraineurs and non-migraineurs after adjusting for headache frequency, age, BMI, depression, gender and other comorbidities, and across women and men after adjusting for migraine, headache frequency, age, BMI, depression and other comorbidities (Table 5) .
Discussion
This population-based cross-sectional study has demonstrated (1) a relationship between migraine and EDS in bivariate analysis, although this association was weakened and eventually disappeared in multivariable analysis, and (2) an association between headache frequency and EDS, which was consistent after adjustment for numerous potential confounders, and also when the analysis was replicated in subsets of the study population, i.e. among migraineurs, non-migraineurs, women or men.
Overall 17% met the criteria for having EDS, which is in line with that of a previous Norwegian telephone survey of a general population [29] . Our 20% prevalence of EDS in migraineurs was identical to that of Korean migraineurs from the general population [22] . The EDS prevalence in European clinic populations was 14% in those with episodic migraine [18] and 20% in chronic migraine [20] , while it was substantial higher in an American clinic population, i.e. 32% in episodic migraineurs and 40% in chronic migraineurs [17] . The higher prevalence in the American study may partly be explained by a slightly higher mean BMI and lower ESS cut off, i.e. ≥ 10 rather than >10 in the present and Korean studies. The European clinic studies included 100 person with episodic and chronic migraine, respectively, while the American clinic study included 72 persons with episodic migraine and 128 persons with chronic migraine, providing relative broad confidence intervals for the EDS prevalence, i.e. 14% (8-22%), 20% (13-29%), 32% (25-48%) and 40% (31-49%).
The present study found an association between migraine and EDS in bivariate analysis, which was weaker in the multivariable analyses and disappeared when adjusting for all potential confounders, a finding similar to that of The Korean population-based study when adjusting for anxiety, depression, sleep duration and Pittsburgh Sleep Quality index score [22] . These findings are in concert with another population-based study reporting increased odds of EDS in migraineurs compared with headache-free individuals after adjustment for age, sex and sleep-promoting medication [21] . The findings are also supported by a case-control study of episodic migraine [18, 20] , as well as a study including 370 migraineurs and 119 non-migraineurs [20] . The latter study found a statistically significant association of chronic migraine and EDS with an OR of 3.9 (95% CI 1.5.-10.2), although the mean ESS score was not significant different between those with chronic migraine and healthy controls [20] .
In contrast, one study reported a statistically significant association between migraine and sleep problems after adjusting for both lifetime and current anxiety and mood disorders [30] . This was a controlled study using a systematic assessment of migraine, sleep problems and anxiety and mood disorders with interviews, in contrast to the present, larger questionnaire-based survey.
In the present study, the prevalence of EDS increased with headache frequency, independent of migraine status, in line with a previous general population study [21] , although in the latter study the increased ORs for EDS with increasing headache frequency were statistically not significant. Therefore, it is possibly the frequency of the pain rather than migraine or tension-type headache in itself that is associated with EDS.
There was no evidence of effect modification of gender or headache frequency on the association of migraine with EDS, or of gender on the association of headache frequency with EDS, as indicated by the homogeneity of the ORs and the lack of significant interactions in the regression models. This study had several strengths. Firstly, it was a very large population-based survey. Secondly, the multivariable analyses were conducted in three consecutive steps and adjusted for an increasing number of possible confounders in each step.
Several potential limitations of this study should be mentioned. The response rate was relatively low; however, it was comparable to that of some other sleep-related epidemiologic studies [29, 31] and higher than in recent population-based studies of headache and sleep [21, 22] .
The present study defined EDS as ESS > 10, in line with the recommendation of the developer of the ESS [32] , recent epidemiological studies [33] [34] [35] and a recent population-based study of headache and sleep [22] . In contrast, for unknown reasons, most previous studies of the association of migraine or headache frequency with EDS defined EDS as ESS ≥10 [17] [18] [19] [20] [21] , which would lead to a higher prevalence of EDS. The ESS is widely used in evaluating subjective daytime sleepiness [25, 36] . However, the ESS has been criticized because it shows little association with objective measures, such as the multiple sleep latency test (MSLT) [37] [38] [39] . The large number of participants in this study precluded the use of MSLT for more comprehensive assessment of daytime sleepiness.
Another potential limitation is that the data reported in the present study were self-reported. This study asked about lifetime prevalence of migraine. The single question about lifetime occurrence of migraine, which was used, has previously been evaluated against a clinical interview by two physicians in another Norwegian survey in eastern Akershus County, reporting a raw agreement rate of 0.81 and kappa (κ) of 0.62, which is considered to be a good agreement [23] . Two previous epidemiological surveys used the same screening question for migraine as in the present study, and the observed agreement rates were 0.92 and 0.94, and κ were 0.77 and 0.81, respectively [2, 40] . Due to the high number of participants in our survey, it was not feasible to apply the gold standard, i.e. a clinical interview by a physician/neurologist with expertise in headache diagnostics. The current study did not investigate the effect of EDS on clinical characteristics of migraine, which would require more detailed clinical information than is possible in a questionnaire-based general population survey.
Single questions about tension-type headache and its frequency have been compared with a clinical interview, and the agreement was good [3, 40] . We think our The data on headache frequency was based on headache during the last year, which is likely to be less subject to recall bias as compared to headache earlier in life.
Moreover, the single question about self-reported depression might be less precise than a more extensive questionnaire or diagnostic interview. However, the combination of the two questions into one item has been shown to have a sensitivity of 96% (95% CI 90─99%) and specificity of 57% (95%CI 53─62%) in relation to major depression [28] . This compares with a sensitivity of 89─96% and specificity 51─72%, when ascertained with more extensive questionnaires [28] .
The present study did not assess the quality of sleep, or the use of analgesics that may be associated with headaches and EDS, or β-blockers that may be used in prophylactic treatment of migraine and may be associated with EDS. However, only a small minority of migraineurs use β-blockers.
The focus of this paper was on the association of migraine and headache frequency with EDS, and not on a general prediction model for EDS. Therefore, we have focused on factors that may confound the association of migraine and/or headache frequency with EDS, and on possible effect modification between some of these variables. EDS depends on several factors known to interfere with the sleep-awake cycle, while headache and migraine are mainly known to vary with gender. For example, caffeine, alcohol, employment including nightshifts, restless legs syndrome, concomitant urological diseases, menstruation and thyroid hormones may be associated with EDS. However, based on the literature, we are not aware of firm evidence for an association of these factors with migraine or tension-type headache, and if such an association exists it is most likely of limited importance.
Conclusions
This study showed that EDS was associated with an increase in headache frequency in both migraineurs and non-migraineurs. In contrast, the association between migraine and EDS disappeared after adjustment for a number of confounders. 
